Accurate measurement of the alignment of the tibia is important both clinically and in research. The conventional method of measuring the angle of malunion after a fracture of the shaft of the tibia is potentially inaccurate because the mechanical axis of the normal bone may not pass down the centre of the medullary canal. An alternative method is described in which a radiograph of the opposite tibia is used as a template. A sample of 56 sets of standard radiographs of healed fractures of the shaft of the tibia was evaluated. The 95% limits of agreement between this and the conventional method were wide, being -6.2° to +5.5° for coronal angulation and -6.7° to +8.1° for sagittal angulation.
It is uncertain whether malalignment of the tibia after malunion of a fracture of the shaft causes osteoarthritis of the knees and ankles. [1] [2] [3] [4] Further investigation requires accurate measurement of any angulation of the fracture. It is usual to measure the angle between lines drawn distally from the centre of the knee down the middle of the proximal shaft, and proximally from the centre of the ankle up the middle of the distal shaft (Fig. 1 ). The slight 'S'
shape of the shaft of the tibia in many normal individuals means that the mechanical axis of the normal bone rarely passes down the middle of the medullary canal (Fig. 2) ; this makes the conventional method of measuring the angulation of malunion potentially unreliable. A new method which avoids this problem is presented.
METHODS
In the normal subject, the right and left tibiae form a mirror image of each other. In patients with malunion of a unilateral fracture, a standard radiograph of the contralateral tibia can be used as a template to show the proximal and distal segments of the original mechanical axis. This is marked on the radiograph of the normal side as a straight line between the centre of the knee and the centre of the ankle, defined as the midpoint of the distal tibial articular surface (Fig. 2 ). This radiograph is turned over and the radiograph of the fracture is laid over it. By superimposing successively the proximal and distal parts of the tibia, the corresponding proximal and distal segments of the original mechanical axis of the tibia can be accurately traced on to the radiograph of the fracture. When the radiographs are very dense, a piece of acetate film can be used as an intermediate template. The method is illustrated in Figure  3 , using the same radiograph as in Figure 1 . The intersection of the two lines is at the centre of rotation of angulation (CORA), 5 and the angle between them is the true degree of malunion in that plane. The CORA may not coincide with the centre of the fracture, and minimal angulation with considerable translation may cause the CORA to lie outside the field of the radiograph. In such cases, the mechanical axis after the fracture, from the centre of the knee to the centre of the ankle, can be marked on the radiograph. The angles between this line and the two related segments of the normal mechanical axis are measured. The angle of malunion is then the difference between these two angles.
The new method was evaluated in 56 sets of standard radiographs of healed fractures of the shaft of the tibia which had been treated by immobilisation in plaster. A random sample of 20 of the sets of radiographs was remeasured by the same observer, blinded to the first result, and by a second observer who had received only written instruction in the method. Angles were measured to the nearest 0.5°, using a protractor.
RESULTS
The difference between the angles obtained using the old and new methods ranged from -10° to +6.5° for anteroposterior films and -11.5° to +7.5° for lateral films. The 95% limits of agreement between the methods were -6.2°t o +5.5° for coronal angulation and -6.7° to +8.1° for sagittal angulation.
The mean intraobserver difference was -0.2° (95% limits of agreement -2.5° to +2.2°) for anteroposterior films and -0.1° (95% limits of agreement -3.3° to +3.3°) for lateral films. The mean interobserver difference was -0.1° (95% limits of agreement -2.9° to +2.6°) for anteroposterior films and -0.3° (95% limits of agreement -3.1° to +2.4°) for lateral films.
DISCUSSION
Variability in clinical measurements can arise from intersubject variation, errors in measurement and observer error. A clinical measurement is useful only when errors of measurement and observer error are small compared with intersubject variation. Measurement error includes variiation introduced by radiographic technique and also by the method used to measure the malunion angle on the radiograph. The error which may arise from variation in radiographic technique has been investigated in an experimental model by Floyd 6 who showed that in the absence of malrotation, angles could be measured to within 1° of the true angle. All the radiographs in this study were taken with the patella pointing forwards, using a standard X-ray exposure and tube distance. Because radiographic error is likely to be minimal, it was not felt necessary to validate the method against a 'dry-bones' model of malunion of a fracture. It has been shown that the conventional method of measurement of the angle of malunion is subject to error in a considerable number of patients, sometimes in excess of 10°. The intra-and interobserver variation has been shown to be small when compared with errors due to the conventional method.
There are other advantages. The bony landmarks used to define the mechanical axis of the tibia are not critical, because they are very similar on each side. The method can be used for metaphyseal fractures, but the accuracy was less with very proximal and very distal injuries. It also has potential for use on other long bones.
The main limitations are that it can be used only when the two sides form an accurate mirror image. This is impossible if there is significant rotational malunion of the fracture, malunion of a fracture on the opposite side, or when there are bony changes associated with severe osteoarthritis. In most patients, however, the method is a clinically useful means of measuring the angle of malunion on anteroposterior and lateral views of a fracture of the shaft of the tibia. Calculation of the total angulation from these views has been described. Figure 3 -The same radiograph as in Figure 1 showing the new method of measurement giving malunion of 6° varus.
